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LOW DISTORTION SIGNAL AMPLIFIER 
SYSTEM AND METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a signal ampli?cation system 
and, more particularly, to a system and method Which 
enables linear ampli?cation of a signal. 

2. Description of Related Art 
An ideal poWer ampli?er ampli?es an input signal With no 

Waveshape alteration. The ideal poWer ampli?er is therefore 
characteriZed as having a transfer function (input signal vs. 
output signal) Which is linear With no transfer function 
discontinuities. In practice, hoWever, a poWer ampli?er has 
a transfer function With nonlinear and “linear” regions. 
Whether the poWer ampli?er is operating in a linear or 
nonlinear region depends on the amplitude of the input 
signal. For the poWer ampli?er to achieve as near to linear 
operation as possible, the poWer ampli?er is designed to 
operate Within its linear region given the range of possible 
input signal amplitudes. If the input signal has an amplitude 
Which causes the poWer ampli?er to operate outside the 
linear region, the poWer ampli?er introduces nonlinear com 
ponents or distortion to the signal. When the input signal 
possesses peak amplitudes Which cause the ampli?er to 
compress, to saturate (no appreciable increase in output 
amplitude With an increase in input amplitude) or to shut-off 
(no appreciable decrease in output amplitude With a decrease 
in input amplitude), the ampli?er is being overdriven, and 
the output signal is clipped or distorted in a nonlinear 
fashion. Generally, an ampli?er is characteriZed as having a 
clipping threshold, and input signals having amplitudes 
beyond the clipping threshold are clipped at the ampli?er 
output. In addition to distorting the signal, the clipping or 
nonlinear distortion of the input signal generates spectral 
regroWth or adjacent channel poWer (ACP) that can interfere 
With an adjacent frequency. 

Various lineariZation methods are used to enable the use 
of more cost-effective and more poWer ef?cient ampli?ers 
While maintaining an acceptable level of linearity. Feed 
forWard correction is routinely deployed in modern ampli 
?ers to improve the linearity of the main ampli?er With 
various input patterns. The essence of the feed-forWard 
correction is to sample the main ampli?er output, isolate the 
distortion components generated from the main ampli?er on 
a feed forWard path by canceling the main signal compo 
nents from the feed forWard path. The distortion components 
are provided to a linear correction ampli?er on the feed 
forWard path Which ampli?es the distortion components. 
The distortion components on the feed forWard path are 
maintained at 180 degrees out of phase to the distortion 
components on the main signal path and are combined With 
the distortion components on the main signal path. As the 
combined distortion components are 180 degrees out of 
phase, the distortion components cancel Without affecting 
the main signal, thus providing a linear signal at the feed 
forWard ampli?er output. 

Another lineariZation technique involves splitting a signal 
to be ampli?ed by separate ampli?ers of the same gain and 
poWer performance, and the ampli?ed signal components 
are constructively combined at the output While the distor 
tion components are used to cancel each other. FIG. 1 shoWs 
an ampli?er circuit for amplifying an input signal Sin to 
produce an ampli?ed output signal S0,”. The input signal Sin 
can include CDMA or TDMA modulated RF carrier signals 
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2 
having respective fundamental frequencies f1 and f2. Both 
frequencies or signal components f1 and Q can lie Within 
standard Wireless frequency bands in the 800—960 MHZ 
vicinity. The various signals are shoWn in a vectorial fashion 
to conveniently illustrate phase relationships betWeen the 
same frequency components at various points Within the 
circuit 10. Thus a vector pointing in an upWards direction 
represents a frequency component of the opposite phase as 
the same frequency component represented by a doWn 
Wardly pointing vector. 

Input signal Sin is applied to input port 12 of a ?rst coupler 
or poWer splitter 14 Which splits signal into signal S1 at a 
coupled path output port 16 and a signal S2 at a direct path 
output port 18. The coupler 14 is preferably a passive device 
Which may be a conventional branch line coupler or Wilkin 
son type divider that splits input poWer unequally betWeen 
the tWo output ports, preferably With higher poWer being 
provided at port 18. For example, the signal level of signal 
S2 may be 10 dB higher than that of the signal S1. In this 
embodiment, the frequency signal components f1 and Q 
produced on the direct path port 18 are delayed by a 90 
degree phase shift While the frequency signal components on 
the coupled path port 16 have a 0 degree phase shift or no 
phase shift. Signal S1 contains only the frequency signal 
components f1 and Q and is applied to a ?rst ampli?er 20 
(A1) Where it is ampli?ed to produce an ampli?ed signal S3 
at the ampli?er output. The ampli?er 20 (A1) can be a 
conventional high frequency ampli?er operating in class A, 
AB or B With poWer gain on the order of 30 dB to produce 
RF output poWer of 50 Watts, for eXample. 
As is Well knoWn in the art, When a dual or multi-tone 

signal is applied to an ampli?er, Which is not perfectly linear, 
IMD products are generated at predictable frequencies. 
These IMD products are particularly apparent When the 
ampli?er is being operated in saturation or in the gain 
compression region of the ampli?er. The further into the 
gain compression region the ampli?er is operated, the higher 
Will be the IMD product levels. In addition, ampli?ers Which 
operate in class AB or class B modes tend to produce high 
IMD product levels When multi-frequency input signals are 
ampli?ed. IMD product levels on the order of —30 dBc (30 
decibels beloW the fundamental frequency or carrier level) 
are typical. Ampli?ed signal S3 contains ampli?ed fre 
quency signal components f1 and Q as Well as undesirable 
intermodulation distortion (IMD) products or distortion 
components at frequencies f3 and f4, Where f3 is typically a 
loWer frequency than f1 and f4 is a higher frequency than Q. 
The frequency signal components f1 and Q of the signal S3 
are designated as having a Zero degree phase shift, and the 
distortion components f3 and f4 are also designated as 
having a Zero degree phase shift in brackets. 
The ampli?ed signal S3 is applied to input port 22 of 

coupler 24, Which may be a conventional hybrid (e.g. branch 
line), backWard ?ring or parallel-line coupler With a cou 
pling value C22. In this case, coupled path signal S4 on 
output coupling port 26 Will be 30 dB beloW the level of the 
direct path signal S8 emanating from direct port 25. The 
voltage levels of the frequency components of the signal S4 
are each C22 times the corresponding voltage levels of the 
S3 frequency components. The voltage levels of the S8 are 
the square root of \/1—C222 times the corresponding voltage 
levels of the S3 frequency components. The phases of the 
frequency components of S4 Will be equal to the correspond 
ing ones of S8. When a branch line or other hybrid coupler 
is used for the coupler 24, then the signals S4 and S8 Will 
differ in phase by 90 degrees. In this embodiment, the 
coupler 24 produces the signal S8 from the direct port 25 
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With the frequency components f1—f4 phase shifted by 90 
degrees as designated by the —90 degrees and the —90 
degrees in brackets. The phases of the frequency compo 
nents f1—f4 of coupled path signal S4 from the coupling port 
26 remain at 0 degrees. 

Coupled path signal S4 is then applied to an attenuator 27 
and a phase shifter 28. The attenuator 27 and the phase 
shifter 28 are designed to adjust the amplitude and phase of 
the signal S4 at each of the frequencies f1—f4. The amplitude 
of the frequency signal components f1 and f2 of the resulting 
signal S5 is adjusted to be smaller in amplitude than the 
frequency signal components f1 and f2 of a signal S6. The 
signal S6 ?oWs into coupler 29 and is essentially signal S2 
delayed by delay line DelayA. The phase shifter 28 adjusts 
the phase of the frequency components f1—f4 to be 180 
degrees out of phase With the corresponding frequency 
components of S6 Within the coupler 29. The coupler 29 
receives the signals S5 and S6 and is designed to combine 
the signal S5 and the signal S6 to provide signal S7 Which 
has frequency components f1-f4. Due to the combination of 
S5 and S6, the voltage levels of the f1 and Q signal 
components of the signal S7 Will be equal in amplitude to the 
f1 and f2 signal components of the signal S1 at the input to 
the ?rst ampli?er 20, and the frequency distortion compo 
nents f3 and f4 are 180 degrees out of phase With the 
resulting frequency signal components f1 and f2. In this 
example, the coupler 29 provides a 90 degree phase shift to 
the frequency signal components f1 and Q of S6 and 
combines the frequency signal components f1 and Q With a 
cumulative 180 degree phase shift With the frequency com 
ponents f1—f4 of the signal S5 With a 0 degree phase to 
produce the signal S7. The signal S7 has the f1 and Q signal 
components With phase values (-180 degrees) equal to the 
phase values of the respective f1 and f2 signal components 
of signal S6 (-90 degrees) delayed by 90 degrees (—90— 
90=—180 degrees), and the frequency distortion components 
f3 and f4 have phase values (0 degrees) equal to the phase 
value of the respective f3 and f4 distortion components of 
signal S5 (0 degrees). 

The signal components f1 and Q of the signal S7 have 
phase values of —180 degrees, and the distortion components 
f3 and f4 of the signal S7 have phase values of 0 degrees. 
The corresponding frequency signal components of signal 
S8 produced from the direct path port 25 have phase values 
of —90 degrees, as Well as the corresponding frequency 
distortion components of S8 Which also have phase values of 
—90 degrees. The signal S7 is applied to an attenuator 32 and 
a phase shifter 34. The attenuator 32 and the phase shifter 34 
are designed to adjust the amplitude and phase of the signal 
S7 of the frequencies f1—f4 prior to being ampli?ed by a 
second ampli?er 36. In this embodiment, the amplitude 
of the frequency signal components f1 and Q of the signal 
S7 corresponds to the amplitude of the f1 and Q signal 
components of the signal S1. The ampli?er 36 ampli?es the 
signal S7 to produce a signal S9 With a gain corresponding 
to the gain provided by the ampli?er 20. In amplifying the 
signal S7, the ampli?er 36 produces IMD products at the 
frequencies f3 and f4 Which are in phase With the signal 
components f1 and Q. As such, the signal components f1 
and Q are ampli?ed With phase values at —180 degrees 
producing distortion components f3 and f4 also With phase 
values of —180 degrees. The ampli?er 36 also ampli?es the 
distortion components f3 and f4 of the signal S7 Which have 
phase values of 0 degrees. Because the ampli?ed and neWly 
produced distortion components at f3 and f4 are 180 degrees 
out of phase, the distortion components combine to reduce 
the amplitude of the distortion components at f3 and f4. In 
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4 
this embodiment, the distortion components With phase 
values at 0 degrees remain along With the ampli?ed signal 
components f1 and Q as the signal S9. 

The signal S9 With signal components f1 and Q with 
phase values at —180 degrees and distortion components f3 
and f4 at 0 degrees is provided to a coupler 38 Which 
combines the signal S9 With a signal S10 to produce the 
output signal S0,”. The signal S10 is essentially the signal S8 
delayed by delay line (DelayB) 40 With frequency compo 
nents at f1—f4 Which have phase values of —90 degrees. In 
this example, the coupler 38 delays the phase of the fre 
quency components f1—f4 of the signal S10 by 90 degrees 
and combines the signal S10 With the signal S9. The signal 
components f1 and Q of the signals S9 and S10 construc 
tively combine because the signal components at f1 and Q 
combine in phase, for example With phase values at —180 
degrees. The distortion components f3 and f4 of the signals 
S9 and S10 destructively combine to reduce the amplitude of 
the distortion components at f3 and f4 because the distortion 
components f3 and f4 of S9 (With phase values at 0 degrees) 
are 180 degrees out of phase With the corresponding distor 
tion components of S10 (With phase values at —180 degrees). 

To provide improved combination of the signal S9 With a 
signal S10 at the coupler 38, the amplitude of the frequency 
components f1—f4 of the signal S7 are adjusted prior to the 
ampli?er 36 such that the amplitudes of the frequency 
components f1—f4 of the signal S9 are substantially equal to 
the amplitude of the corresponding components of the signal 
S10. The attenuator 32 can adjust the amplitude of the 
frequency components f1—f4 of the signal S7 prior to the 
ampli?er 36. The phase shifter 34 adjusts the phase of the 
frequency components f1—f4 of the signal S7 such that the 
signal components f1 and Q of the signal S9 are in phase 
With the corresponding signal components of the signal S10 
Within the coupler 38. In doing so, the distortion components 
f3 and f4 of the signal S9 should be 180 degrees out of phase 
With the corresponding distortion components of the signal 
S10 Within the coupler 38 such that the distortion compo 
nents f3 and f4 are reduced. 

To provide acceptable operation of the above ampli?er 
architecture, the attenuation and phase control variables 
must be maintained in balance. An alignment procedure is 
necessary to be employed in the lab or production line to ?nd 
the proper setting for each variable. The resulting settings 
are saved and stored in an on-board memory or look-up table 
and used to set the phase and attenuation control variables 
for proper operation. The ampli?er architecture can have 
dif?culty in achieving lineariZation because the adjustments 
in the phase and/or amplitude are performed on both the 
signal components f1 and f2 and the distortion components 
f3 and f4. A con?ict can arise because the amplitude and/or 
phase settings for improved cancellation of the distortion 
components is not necessarily the amplitude and/or phase 
settings for the improved combination of the signal compo 
nents. 

SUMMARY OF THE INVENTION 

The present invention involves independently adjusting 
the relative phase and/or amplitude betWeen the signal 
components and/or the relative phase and/or amplitude 
betWeen the distortion components to improve the combi 
nation of corresponding components. For example, a signal 
ampli?cation system has ?rst and second ampli?er paths 
carrying replicas of signal components. On the ?rst ampli?er 
path, a ?rst ampli?er ampli?es signal components and 
generates distortion components. A replica of the ampli?ed 
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signal components and distortion is provided to a coupling 
path. On the coupling path, the distortion components are 
isolated by canceling the signal components, and the dis 
tortion components are then amplitude and/or phase adjusted 
Without a corresponding adjustment to the phase and/or 
amplitude of the signal components. The adjusted distortion 
components are coupled onto the second path Where the 
signal components and the adjusted distortion components 
are ampli?ed by a second ampli?er. The ampli?ed signal 
components and distortion on the second path are combined 
With the ampli?ed signal components and distortion on the 
?rst path to constructively combine the signal components 
and destructively combine the distortion components. By 
independently adjusting the distortion components relative 
to the signal components, the phase and/or gain adjustments 
to the distortion and/or signal components can be made 
Which improve the constructive combination of the signal 
components and/or the destructive combination of the dis 
tortion components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other aspects and advantages of the present invention 
may become apparent upon reading, the folloWing detailed 
description and upon reference to the draWings in Which: 

FIG. 1 shoWs an ampli?cation system of the prior art; 
FIG. 2 shoWs an embodiment of an ampli?cation system 

according to the principles of the present invention; 
FIG. 3 shoWs another embodiment of an ampli?cation 

system according to the principles of the present invention; 
FIG. 4 shoWs an embodiment of the ampli?cation system 

of FIG. 2 With dynamic control; and 
FIG. 5 shoWs an alternative embodiment of the signal 

ampli?cation system according to the principles of the 
present invention. 

DETAILED DESCRIPTION 

Illustrative embodiments of a poWer:ampli?er scheme 
according to the principles of the present invention are 
described beloW in Which the phase and/or amplitude of the 
distortion components is adjusted independent of the phase 
and/or gain adjustments to the signal components to improve 
the combination of corresponding distortion components. In 
the embodiments described beloW, independently adjusted 
refers to at least one phase and/or gain adjustment made to 
the distortion component Without a corresponding gain 
and/or phase adjustment to the signal component. Indepen 
dent adjustment can further refer to at least one gain and/or 
phase adjustments made to distortion components, the signal 
components or both that adjusts (changes or maintains) the 
gain and/or phase relationship betWeen the signal compo 
nents and the distortion components. In addition to the at 
least one independent adjustment, phase and/or gain adjust 
ments can be made Which effect both signal components and 
the distortion components. By having independent phase 
and/or gain (amplitude) adjustments of the distortion com 
ponents and/or the signal components, independent control 
or alignment of the combining distortion components and of 
the combining signal components can be achieved, thereby 
leading to improved performance of the destructive combi 
nation of the distortion components and/or the constructive 
combination of the signal components. 

FIG. 2 shoWs a general block diagram of an ampli?er 
architecture or system 50 having a ?rst ampli?er path 52 and 
a second ampli?er path 54 carrying replicas of signal 
components. On the ?rst ampli?er path 54, a ?rst ampli?er 
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56 ampli?es signal components and generates distortion 
components. A replica of the ampli?ed signal components 
and distortion is provided to a coupling path 58. An inde 
pendent adjustment arrangement 60 receives the distortion 
components from the coupling path 58 and the signal 
components from the second path 54 to independently adjust 
the phase and/or gain of at least one of the signal compo 
nents and the distortion components Which adjusts the gain 
and/or phase relationship betWeen the signal components 
and the distortion components. In this embodiment, the 
independent adjustment arrangement 60 isolates the distor 
tion components on the coupling path 58 by combining 
signal components from the second path 54 and the signal 
components on the coupling path 58 Which are about 180 
degrees out of phase and substantially equal in amplitude 
and thus canceled. The distortion components are amplitude 
and/or phase adjusted by a phase shifter 62 and an attenuator 
64. Because the signal components have been substantially 
removed from the coupling path 58, the phase and/or gain 
adjustments to the distortion components are made Without 
a corresponding adjustment to the phase and/or amplitude of 
the signal components. 
The adjusted distortion components are coupled onto the 

second path 54 Where the signal components and the 
adjusted distortion components are ampli?ed by a second 
ampli?er 66. The ampli?ed signal components and distor 
tion components on the second path 54 are combined With 
the ampli?ed signal components and distortion components 
on the ?rst path 52 to constructively combine the signal 
components and destructively combine the distortion com 
ponents. By independently adjusting the distortion compo 
nents relative to the signal components, the phase and/or 
gain relationship betWeen the signal components and the 
distortion components becomes independent. Thus, phase 
and/or gain adjustments to the distortion and signal compo 
nents can be made Which improve both the constructive 
combination of the signal components and the destructive 
combination of the distortion components. 

In the operation of the embodiment of the ampli?er 
system 50, a coupler 68, such as a 10 dB coupler, receives 
the signal RFl-n and couples replicas of the signal RFl-n onto 
the ?rst ampli?er path 52 and the second ampli?er path 54 
after an initial amplitude adjustment of RFl-n by an attenuator 
69 (AttIn). The coupler 68 provides the signal components 
on the ?rst path 52 With 0 degrees phase shift and 10 dB of 
attenuation, and the signal components are provided to the 
second path 54 With little attenuation and 90 degree of phase 
shift delay. The ampli?er 56 ampli?es the signal components 
on the ?rst path 52 by GainAto produce the ampli?ed signal 
components along With distortion components generated by 
the ampli?er 56 With 0 degrees of relative phase shift. A 
coupler 70, such as a 40 dB directional coupler, couples the 
signal components and the distortion components onto the 
?rst path 52 and the coupling path 58. Using a 40 dB 
coupler, the signal components and the distortion compo 
nents are coupled onto the coupling path With 40 dB of 
attenuation With no phase shift. The signal components and 
the distortion components remaining on the ?rst path 52 are 
delayed by a phase shift of 90 degrees With little attenuation 
to a phase value of —90 degrees. 
On the coupling path 58, the signal components With the 

distortion components are received by the independent 
adjustment arrangement 60. The signal components With the 
distortion components are amplitude-adjusted by an attenu 
ator (AttF) 72 and phase-adjusted by a phase shifter 74 to 
provide improved cancellation of the signal components at 
a coupler 76 to isolate the distortion components on the 
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coupling path 58. A coupler 78, such as a 3 dB coupler, on 
the second path 54 receives the replica of the signal com 
ponents RFl-n from the coupler 68 Which have been addi 
tionally phase-delayed by 180 degrees by a 180 degree 
phase delay 80 and have been delayed by a delay 82 (Delay 
A). Accordingly, the coupler 78 provides a replica of the 
signal components RFl-n Which have been phase shifted by 
—270 degrees and attenuated by 3 dB onto a cancellation 
path 84. On the second path 54, the coupler 78 provides a 
replica of the signal components Which are phase shifted by 
an additional 90 degrees to a phase value of 0 degrees 
(—270—90=—360=0 degrees) With little attenuation. 

The signal components on the cancellation path 84 are 
provided to the coupler 76, such as a 10 dB coupler Which 
attenuates the signal components on the cancellation path 84 
by 10 dB. The coupler 76 destructively combines the replica 
of the ampli?ed signal components With distortion compo 
nents With the signal components on the cancellation path 84 
to substantially cancel the signal components on the cou 
pling path 58. Canceled or isolated can mean that the signal 
components are attenuated enough such that the distortion 
components are the predominant components on the cou 
pling path 58, for eXample the signal components are 10 dB 
beloW the distortion components. The signal components 
(—270 degrees phase shift) on the cancellation path 84 
substantially cancel the signal components received from the 
coupling path 58 because the signal components are 180 
degrees out of phase and have substantially the same ampli 
tude as the signal components from the coupling path 58 
Which are phase-delayed by 90 degrees in the coupler 76. 
The DelayA 82 delays the signal components on the can 
cellation path 84 such that the corresponding portions of the 
signal components on the cancellation path 84 reach the 
coupler 76 at substantially the same time as the signal 
components on the coupling path 58 from the ?rst path 52. 
Thus, the coupler 76 produces the distortion components 
and any remaining signal components on the coupling path 
With a —90 degree phase shift. 

Acoupler 86 couples off a replica of any remaining signal 
components and the distortion components onto a measure 
ment path 88 to monitor the cancellation of the signal 
components. The components coupled by the coupler 86 
from the coupling path 58 from the output of the coupler 76 
ate attenuated by 10 dB. In response to the components on 
the measurement path 88, the gain and/or phase adjustments 
provided by the attenuator 72 and the phase shifter 74 can be 
set to improve cancellation of the signal components. In this 
embodiment, the coupler 86 is a 10 dB directional coupler 
Which phase-delays the distortion components from the 
coupler 76 by another 90 degrees such that the distortion 
components have phase values of —180 degrees. By moni 
toring the signal components on the path 88, the adjustments 
provided by the gain adjuster 72 and/or phase adjuster 74 
can be set once, periodically (based on changing conditions 
or expiration of a time period), or dynamically (based on 
changing operating conditions or continuously) as described 
beloW. 

The distortion components isolated on the coupling path 
58 are then provided to a 180 degree phase delay 90 in this 
embodiment, thereby giving the distortion components on 
the coupling path a phase value of 0 degrees (—180—180=— 
360=0 degrees). The phase shifter 62 provides a phase 
adjustment to the distortion components Which is not pro 
vided to the signal components Which have been substan 
tially canceled, reduced or removed from the coupling path 
58. In this embodiment, an ampli?er 96, such as a loW noise 
ampli?er, ampli?es the distortion components on the cou 
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8 
pling path 58 by 26 dB. The attenuator 64 provides an 
amplitude adjustment to the distortion components Which is 
not provided to the signal components Which have been 
removed from the coupling path 58. As such, the distortion 
components are phase and/or amplitude-adjusted indepen 
dent of the signal components Which have been substantially 
canceled, reduced or removed from the coupling path prior 
to the distortion components being combined With signal 
components on the second path 54. By independently. phase 
and/or amplitude-adjusting the distortion components on the 
coupling path 58, the destructive combination of the corre 
sponding distortion components at the output of the ampli 
?er architecture 50 can be independently controlled and 
improved. 

In this embodiment, in addition to making the relative 
gain and/or phase adjustments betWeen the distortion com 
ponents independent of the relative phase and/or gain adjust 
ments to the signal components, the signal components on 
the ?rst path 52 become independent of the signal compo 
nents on the second path 54. 

In previous con?gurations Where the poWer of the signal 
components is distributed among ?rst and second ampli?er 
paths, equal poWer at the inputs to ?rst and second ampli?ers 
on the separate paths can be achieved by sampling the output 
of the ?rst ampli?er, rotating the phase of the sample and 
attenuatively adding the sample to the signal components on 
the second path to reduce the level of the signal components 
through What can be referred to as vector attenuation. As 
such, the signal components input to the second ampli?er are 
dependent upon the output to the ?rst ampli?er. 
The signal ampli?er system 50 also distributes the poWer 

of the input signal components on the ?rst and second 
ampli?er paths 52 and 54, thereby enabling improved poWer 
ef?ciency. HoWever, in accordance With principles of the 
present invention, the signal components on the ?rst path 52 
are independent from the signal components on the second 
path 54, for eXample by passively coupling and attenuating 
the signal components on the second path Without vector 
attenuation. Because the signal components are removed 
from the coupling path 58, the signal components on the 
second path 54 provided to the second ampli?er 66 (GainB) 
are independent of the signal components output from the 
ampli?er 56 on the ?rst path 52 in that the ampli?ed signal 
components from the ?rst ampli?er 56 Will not effect the 
signal components on the second path 54. Additionally, the 
loss of the ?rst ampli?er 56 (GainA) Will not result in an 
undesired large increase in poWer level at the combined 
output of the ampli?er system 50. Instead, about one half of 
the poWer of the signal components Would be produced. 
The adjusted distortion components on the coupling path 

58 are provided to a coupler 98, such as a 10 dB directional 
coupler Which attenuates the distortion components on the 
coupling path by about 10 dB and combines the distortion 
components from the coupling path 58 With the signal 
components on the second path 54. Before being provided to 
the coupler 98, the signal components from the coupler 78 
are delayed by a delay 100 (DelayN) by an amount such that 
the distortion components on the coupling path 58 arrive at 
the coupler 98 at substantially the same time as the signal 
components corresponding to the distortion components. 
The signal components corresponding to the distortion com 
ponents are the signal components Which resulted in the 
distortion components When the signal components Were 
ampli?ed. An attenuator 102 adjusts the amplitude of the 
signal components on the second path 54 by a 3 dB 
reduction in this eXample. A phase delay 104, such as a 90 
degree phase delay, delays the signal components on the 
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second path 54 by 90 degrees to have a phase value of —90 
degrees. The attenuator 102 and the phase delay 104 provide 
gain and phase adjustments to the signal components on the 
second path 54 Without a corresponding change to the 
distortion components and thereby could be considered as 
part of an independent adjustment arrangement. The delay 
100, the attenuator 102 and the phase delay 104 provide 
constant time, amplitude and phase adjustments to enable 
the different paths carrying components to be combined to 
match up in terms of time, gain and phase for improved 
combining given the components used in this embodiment. 

The signal components on the second path 54 at —90 
degrees and the adjusted distortion components on the 
coupling path 58 at 0 degrees are provided to the coupler 98. 
In this embodiment, the coupler 98 phase shifts the signal 
components on the second path 54 by 90 degrees to about 
—180 degrees and combines the signal components With the 
distortion components from the coupling path 58 at about 0 
degrees onto the second path 54. As such, the signal com 
ponents With phase values at about —180 degrees and the 
distortion components With phase values at about 0 degrees 
are provided onto the second path 54 in this embodiment. 
HoWever, the 180 degree out of phase relationship and/or the 
amplitude difference betWeen the signal components and the 
distortion components on the second path can be changed 
due to the independent adjusting of the phase and/or ampli 
tude of the distortion components on the coupling path 58. 

The signal components and the distortion components 
from the coupler 98 are provided to an attenuator 108 Which 
adjusts the amplitude of the signal and distortion compo 
nents. Aphase shifter 110 shifts the phase of the signal and 
distortion components. The signal and distortion compo 
nents are ampli?ed by the ampli?er 66, and the ampli?ed 
signal and distortion components are combined at a coupler 
112, such as a 3 dB coupler, With the corresponding signal 
and distortion components on the ?rst path 52. The ampli?er 
66 ampli?es the distortion components received from the 
second path 54 at about 0 degrees and generates distortion 
components at about —180 degrees from amplifying the 
signal components from the second path 54 Which. are at 
—180 degrees. In this embodiment, the sampled distortion 
components from the ampli?er 56 ampli?ed by the ampli?er 
66 at about 0 degrees are reduced by the distortion compo 
nents generated at the ampli?er 66 at about —180 degrees 
from amplifying the signal components at —180 degrees, 
leaving distortion components at about Zero degrees. 

In this embodiment, the signal components at the input to 
the ampli?er 66 should have the same amplitude as the 
signal components at the ampli?er 56 With a phase value of 
—180 degrees. The signal and distortion components from 
the coupler 70, at phase values of —90 degrees are provided 
to a delay 114 (DelayB) Which delays the signal components 
and the distortion components on the ?rst path 52 such that 
the corresponding portions of the signal and distortion 
components on the ?rst path 52 and the signal and distortion 
components on the second path 54 reach the coupler 112 at 
substantially the same time. The ampli?ed signal and dis 
tortion components on the ?rst path 52 are received by the 
coupler 112 Which delays the signal and distortion compo 
nents by 90 degrees to phase values of about —180 degrees. 
In producing the ampli?ed signal components RFOM, the 
coupler 112 constructively combines the signal components 
from the ?rst and second paths 52 and 54 in phase and at 
about the same amplitude such that the ?rst and second paths 
52 and 54 each provide one-half of the poWer to the signal 
components at the output of the system 50. Since the 
distortion components on the ?rst and second paths 52 and 
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54 are at about 180 degrees out of phase, the distortion 
components on the ?rst path 52 destructively combine With 
the distortion components on the second path 54 to reduce 
the distortion components at the output of the coupler 112. 

To improve the constructive combining of the signal 
components from the ?rst and second paths 52 and 54 at the 
coupler 112, the relative phase and/or amplitude betWeen the 
signal components can be adjusted. For example, the gain 
and/or phase adjusters 108 and 110 can adjust the relative 
gain and/or phase betWeen the signal components of the ?rst 
and second paths 52 and 54. The gain and phase adjustments 
provided by the gain and phase adjusters 108 and 110 can be 
set by monitoring the combining of the relative signal 
components combining at the coupler 112. To do so, the 
isolated port of the coupler 112 can be monitored until a null 
is found. By monitoring the signal components at the output, 
for example at the isolated port of the coupler 112, the 
adjustments provided by the gain adjuster 108 and/or phase 
adjuster 110 can be set once, periodically (based on chang 
ing conditions or expiration of a time period), or dynami 
cally (based on changing operating conditions or 
continuously) as described beloW. The relative gain and/or 
phase betWeen the distortion components on the ?rst and 
second paths 52 and 54 is also adjusted by the same amount. 
The independent adjustment arrangement 60 enables the 

relative phase and/or gain betWeen the distortion compo 
nents on the ?rst and second paths to be adjusted indepen 
dent of the relative phase and/or gain adjustments betWeen 
the signal components on the ?rst and second paths. As such, 
the destructive combining of the distortion components from 
the ?rst and second paths 52 and 54 at the coupler 112 can 
be improved by performing adjustments to the relative phase 
and/or gain of the distortion component on the coupling path 
58. For example, the monitoring of the combining of the 
distortion components can be performed, and the gain and/or 
phase adjustments provided by the gain and phase adjusters 
62 and 64 set accordingly. For example, by monitoring the 
distortion components at the output of the coupler 112, the 
adjustments provided by the gain adjuster 62 and/or phase 
adjuster 64 can be set once, periodically (based on changing 
conditions or expiration of a time period), or dynamically 
(based on changing operating conditions or continuously) as 
described beloW. By providing independent adjustment of 
the distortion components, the combining of the signal 
components can also be improved because the changes to 
the phase and/or gain of the signal components can be 
performed based on the combining of the signal components 
independent of the combining of the distortion components 
even though the gain and/or phase adjustments made to the 
signal components by the gain and phase adjusters 108 and 
110 is also made to the distortion components. 

Alternatively, the poWer ampli?er system can provide 
adjustable phase and/or amplitude adjustments to the signal 
components Which do not result in a corresponding phase 
and/or amplitude adjustments to the distortion components 
to provide independent adjustment of the signal compo 
nents. A gain adjuster and/or phase adjuster can be posi 
tioned on the second path 54 before the coupler 98 Where 
only signal components are on the second path 54. As such, 
relative amplitude and/or phase adjustments can be per 
formed betWeen the signal components Without a corre 
sponding relative amplitude and/or phase adjustment 
betWeen the distortion components. For example, as shoWn 
in FIG. 3, the gain adjuster 108 and/or the phase shifter 110 
of FIG. 2 can be positioned Where the attenuator 102 and/or 
the phase shifter 120 are on the second path 54. By moving 
the adjustable gain and/or phase adjusters 108 and/or 110 
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onto the second path 54 before the coupler 98, independent 
amplitude and/or phase adjustments betWeen the signal and 
distortion components can be achieved by providing relative 
gain and/or phase adjustments to the signal components 
Without corresponding gain and/or phase adjustments to the 
distortion components, thereby providing complete indepen 
dence in the relative gain and/or phase adjustments to both 
the signal components and distortion components. 
Additionally, the gain adjuster 108 can compensate for the 
attenuation provided by the attenuator 102, and the phase 
shifter can provide the phase shift provided by the phase 
shifter 104. As such, the attenuator 102 and the phase shifter 
104 can be removed, and the delay provided by the delay 114 
can be reduced along With the gain of the LNA 96 due to the 
removal of the attenuator 102 and the phase shifter 104. 

The independent adjustment of the relative gain and/or 
phase of the distortion components and/or the signal com 
ponents can be performed once to align the poWer ampli?er 
architecture on the production line, periodically (based on 
changing conditions or expiration of a time period), or 
dynamically (based on changing operating conditions or 
continuously). Because the constructive combination of the 
signal components can be made independent of the destruc 
tive combination of the distortion components, dynamic 
control to further improve the operation of the architecture 
50 can be provided in a relatively simple manner. FIG. 4 
shoWs an ampli?er architecture 120 Which uses dynamic 
control to improve the operation of the architecture 50 of 
FIG. 2. For eXample, the coupler 86 provides a signal 
representing the output of the coupler 76 Which indicates 
hoW Well the signal components have been removed from 
the coupling path 58 after being combined With the corre 
sponding signal components from the cancellation path 84. 
The signal on the measurement path 88 is provided to signal 
cancellation circuitry 121 Which provides gain and/or phase 
adjustment control signals to the gain and/or phase adjusters 
72 and 74 to improve cancellation of the signal components 
at the coupler 76 in response to the signal on the measure 
ment path 88. In this embodiment, the signal cancellation 
circuitry includes poWer detector circuitry 122, for eXample 
including a diode detector, and the detector 122 provides a 
signal, such as a poWer level signal, indicating hoW Well the 
cancellation of the signal components has been achieved. 
The signal cancellation signal from the detector 122 is 
provided to an analog to digital converter 124 Which 
digitiZes the signal cancellation signal, and the digitiZed 
cancellation signal is provided to control circuitry 126. 

The control circuitry 126 monitors the signal cancellation 
signal and provides control signals to an digital to analog 
(D/A) converter 128 to adjust the gain and/or phase provided 
by the gain and phase adjusters 72 and 74 in response to the 
signal cancellation signal. The control circuitry 126 provides 
the control signals to ?nd the gain and/or phase adjustments 
Which produce a null in the cancellation signal Which 
re?ects good cancellation of the signal components on the 
coupling path 158. This control can be set during initial 
alignment, or dynamic control provided. Dynamic control is 
provided because during operation any changes in the signal 
cancellation signal indicating a degradation in the cancella 
tion of the signal components on the coupling path 58 can be 
responded to With control signal to adjust the gain and/or 
phase to improve cancellation of the signal components. 
By achieving improved cancellation of the signal com 

ponents on the coupling path 58, the distortion components 
can be isolated on the coupling path, and the distortion 
components can be independently adjusted to improve the 
cancellation of the distortion components at the output of the 
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coupler 112. By providing independent adjustment of the 
distortion components, independent control of the combi 
nation of the distortion components is possible, and dynamic 
control of the cancellation of the distortion components can 
be readily achieved. In this embodiment, a coupler 130 
couples a replica of the output signal RFout onto a distortion 
cancellation path 131 and provides the signal to distortion 
cancellation control circuitry 132 Which provides gain and/ 
or phase adjustment control signals to gain and/or phase 
adjusters 62 and 64 in response to the coupled output signal. 
In this embodiment, the signal on the distortion cancellation 
path 131 is provided to a coupler 136 Which combines the 
signal on the signal cancellation path 131 With a delayed 
version of the signal components coupled from a coupler 
138 at the input of the architecture 120. The signal compo 
nents from the coupler 138 are delayed such that the 
corresponding portions of the signal components arrive at 
the coupler 136 at substantially the same time. The corre 
sponding signal components should be about 180 degrees 
out of phase such that the signal components are reduced and 
the distortion components from the signal on the distortion 
cancellation path 131 can be detected by detection circuitry 
140, for eXample including a diode detector. 
The detection circuitry 140 provides a distortion cancel 

lation signal indicating the level of the distortion compo 
nents remaining on the output of the coupler 112, thereby 
indicating the level of the cancellation of the distortion 
components at the coupler 112. The distortion cancellation 
signal is provided to an A/D converter 142 Which digitiZes 
the distortion cancellation signal. The digitiZed distortion 
cancellation signal is provided to control circuitry 144. The 
control circuitry 144 monitors the distortion cancellation 
signal and provides control signals to a digital to analog 
(D/A) converter 146 to adjust the gain and/or phase provided 
by the gain and phase adjusters 62 and 64 in response to the 
distortion cancellation signal. The control circuitry 144 
provides the control signals to ?nd the gain and/or phase 
adjustments Which produce a null in the distortion cancel 
lation signal Which re?ects good cancellation of the distor 
tion components at the coupler 112. This control can be set 
during initial alignment, or dynamic control provided. 
Dynamic control is provided because, during operation, any 
changes in the distortion cancellation signal indicating a 
degradation in the cancellation of the distortion components 
at the coupler 112 can be responded to With control signals 
to adjust the gain and/or phase to improve cancellation of the 
distortion components. 
By providing independent adjustment of the distortion 

components, independent control of the constructive com 
bination of the signal components at the coupler 112 is 
possible Whereby gain and/or phase adjustments are made to 
the signal components (alone or together With the distortion 
components depending on the embodiment) depending on 
hoW the constructive combination of the signal components 
is performed. Dynamic control of the constructive combi 
nation of the signal components can be readily achieved. In 
this embodiment, a signal combination signal indicative of 
hoW Well the signal components are combining in the 
coupler 112, for eXample a signal on the isolated port of the 
coupler 112, is provided to signal combination control 
circuitry 150 Which provides gain and/or phase adjustment 
control signals to gain and/or phase adjusters 108 and 110 in 
response to the signal combination signal. 

In this embodiment, the signal combination control cir 
cuitry 150 includes detection circuitry 152, for eXample 
including a diode detector, Which detects the signal combi 
nation signal and provides a combination signal indicating 
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hoW Well the signal components combined in the coupler 
112. The combination signal is provided to an A/D converter 
154 Which digitiZes the combination signal, and the digitized 
combination signal is provided to control circuitry 156. The 
control circuitry 156 monitors the combination signal and 
provides control signals to a digital to analog (D/A) con 
verter 158 to adjust the gain and/or phase provided by the 
gain and phase adjusters 108 and 110 in response to the 
signal combination signal. The control circuitry 156 pro 
vides the control signals to ?nd the gain and/or phase 
adjustments Which produce a null in the combination signal 
Which re?ects good constructive combination of the signal 
components at the coupler 112. This control can be set 
during initial alignment, or dynamic control provided. 
Dynamic control is provided because, during operation, any 
changes in the signal combination signal indicating a deg 
radation in the combination of the signal components at the 
coupler 112 can be responded to With control signals to 
adjust the gain and/or phase to improve constructive com 
bination of the signal components. 

In addition to the embodiment described above, alterna 
tive con?gurations of the ampli?cation system and method 
according to the principles of the present invention are 
possible Which omit and/or add components and/or use 
variations or portions of the described system. For eXample, 
FIG. 5 shoWs a signal ampli?cation system 170 in Which like 
reference numerals indicate corresponding components in 
the architecture 170 as in the above ampli?er systems. In the 
system 170, the replica of the signal components on the 
second path 54 from the coupler 68 are provided directly 
into the delay 82 (DelayA). The 180 degree phase shifter 80 
of FIGS. 2 and 4 is not used because a poWer divider 172 on 
the second path 54 replaces the coupler 78 in the FIGS. 2 and 
4 of the independent adjustment arrangement 60. The poWer 
divider 172 receives the signal components on the second 
path 54 and divides the signal components into replicas of 
the signal components on the coupling path 84 and the 
second path 54 Which are both attenuated by 6 dB. The 
poWer divider 172 does not introduce a phase shift to signal 
components on the coupling path 84 and the second path 54. 
Accordingly, using a poWer divider 172 can reduce the 
number of phase shifters and attenuators. 

For eXample, by using the poWer divider 172, the 180 
degree phase shifter 80 and the 90 degree phase shifter 104 
of FIGS. 2 and 4 are not used, and the 3 dB attenuator 102 
of FIGS. 2 and 4 is not used. The LNA 96 of FIGS. 2 and 
4 Which provides 26 dB of gain is replaced With a LNA 174 
Which provides 23 dB of gain in this embodiment. 
Additionally, a 180 degree phase shifter 176 is placed on the 
cancellation path 84 to provide the signal components from 
the poWer divider 172 at phase values of —270 degrees for 
cancellation of the signal components on the coupling path 
58 at the coupler 76. The phase shifts to the signal compo 
nents on the paths are shoWn along With the phase shifts of 
the distortion components in brackets. 

The delays, gains, attenuations or phase shifts for the 
signal components and/or the distortion components used in 
the ampli?er system can be determined by the components 
available and the operation described above Where separate 
paths carrying corresponding frequency components to be 
combined in a desired fashion are matched or designed in 
terms of delay, gain and phase shift to provide the desired 
combination. Depending on the embodiment, a variety of 
different components or methods can be used to cancel 
and/or combine signal and/or distortion components to pro 
vide independent adjusting of the phase and/or amplitude of 
signal and/or distortion components When combining cor 
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responding signal and distortion components to produce 
ampli?ed signal components according to the principles of 
the present invention. Ideal destructive and/or constructive 
combination of components is not required. For eXample, a 
phase difference of 170—190 degrees and an amplitude 
difference of 1 dB betWeen the destructively combining 
frequency components can provide suf?cient cancellation, 
or a phase difference of 10 degrees and an amplitude 
difference of 1 dB betWeen constructively combining signals 
can be suf?cient. Depending on the application, different 
relative phase and/or amplitude differences betWeen com 
bining components can be acceptable. 

Additionally, the embodiments of the ampli?cation sys 
tem and method have been described as a method or system 
for amplifying signal components in a linear fashion. The 
ampli?cation system can be used in conjunction With other 
distortion reduction or ampli?er lineariZation techniques to 
provide improved ef?ciency and/or linear performance in 
providing a signal after ampli?cation. Moreover, the ampli 
?cation system has been described as amplifying signal 
components, but the ampli?cation system can be used to 
amplify single, changing, modulated (for eXample, using 
phase shift keying (PSK), such as QPSK and frequency shift 
keying (FSK)), multiple combined signals, multiple signals 
and separate signals. The ampli?cation system has been 
described With certain delays, phase shifters, couplers, 
combiners, control circuitry and/or poWer combiners, but 
other components and arrangements of components or ?lters 
With different responses are possible Which perform the 
described or other combinations and/or cancellations. For 
eXample, each ampli?er 56 or 66 can be n-paralleled ampli 
?er stages. The system has been described as using parallel 
line couplers, but other devices, such as 3 dB splitters and 
other coupling, signal splitting or sampling devices, can be 
used as Well as other combining devices, such as summers. 

Depending on the application, the gain and/or phase 
circuitry and/or shifters can be positioned in different loca 
tions and/or paths Within the described embodiments, such 
as before the ampli?er 56 or the gain and/or phase shifters 
72 and/or 74 moved onto the cancellation path 84. The 
ampli?cation system has been further described as using 
different con?gurations of discrete components, but it 
should be understood that the various embodiments and 
portions thereof can be implemented using different arrange 
ments of components and functions using application spe 
ci?c integrated circuits, softWare-driven processing 
circuitry, ?rmWare, programmable logic devices, hardWare 
or other arrangements of discrete components as Would be 
understood by one of ordinary skill in the art With the bene?t 
of this disclosure. What has been described is merely 
illustrative of the application of the principles of the present 
invention. Those skilled in the art Will readily recogniZe that 
these and various other modi?cations, arrangements and 
methods can be made to the present invention Without 
strictly folloWing the exemplary applications illustrated and 
described herein and Without departing from the spirit and 
scope of the present invention. 
What is claimed is: 
1. A method of producing ampli?ed signal components, 

said method comprising: 
splitting signal components onto a ?rst path and a second 

path; 
amplifying said signal components on said ?rst path to 

produce distortion components on said ?rst path; 
splitting said signal components ampli?ed on said ?rst 

path and said distortion components on said ?rst path 
onto said ?rst path and said coupling path; 
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isolating distortion components on said coupling path; 
independently adjusting at least one of the phase and 

amplitude of said distortion components on said cou 
pling path; 

combining onto said second path said signal components 
on said second path With said distortion components 
adjusted on said coupling path; 

amplifying said signal components and said distortion 
components on said second path; and 

combining said signal components and said distortion 
components on said second path With said signal com 
ponents and said distortion components on said ?rst 
path to produce said ampli?ed signal components. 

2. The method of claim 1 Wherein said independently 
adjusting including: 

adjusting at least one of the phase and amplitude of at 
least one of the distortion components Without a cor 
responding adjustment in the signal components. 

3. The method of claim 1 Wherein said isolating includes: 

splitting said signal components on said second path into 
signal components on said second path and signal 
components on a cancellation path; and 

combining said signal components on said cancellation 
path With said signal components and said distortion 
components on said coupling path to reduce said signal 
components on said coupling path. 

4. A signal ampli?cation system comprising: 
a splitting device con?gured to receive signal components 

and provide said signal components onto a ?rst path 
and a second path; 

a ?rst ampli?er on said ?rst path con?gured to amplify 
said signal components on said ?rst path to produce 
distortion components on said ?rst path; 

a second splitting device con?gured to provide said signal 
components ampli?ed on said ?rst path and said dis 
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tortion components on said ?rst path onto said ?rst path 
and said coupling path; 

an independent adjustment arrangement con?gured to 
isolate distortion components on said coupling path and 
to independently adjust at least one of the phase and 
amplitude of said distortion components isolated on 
said coupling path; 

a second combining device con?gured to provide said 
signal components on said second path With said dis 
tortion components adjusted on said coupling path onto 
said second path; 

a second ampli?er on said second path con?gured to 
amplify said signal components and said distortion 
components on said second path; and 

a combining device con?gured to combine said signal 
components and said distortion components on said 
second path With said signal components and said 
distortion components on said ?rst path. 

5. The signal ampli?cation system of claim 4 Wherein said 
independent adjustment arrangement is con?gured to adjust 
at least one of the phase and amplitude of the distortion 
components Without a corresponding adjustment in the 
signal components. 

6. The system of claim 4 Wherein said independent 
adjustment arrangement includes: 

a third splitting device on said second path con?gured to 
split said signal components on said second path into 
signal components on said second path and signal 
components on a cancellation path; and 

a third combining device on said coupling path con?gured 
to combine said signal components on said cancellation 
path With said signal components and said distortion 
components on said coupling path to reduce said signal 
components on said coupling path. 


